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RESEARCHMEMORANDUM

AN INVESTIGATIONOFSOMEFACTORSAFFECTINGTHEDRAGOF

RELATIVELYLARGENONLIFTINGBODIESOFREVOLUTION

INA SXWTEDTRANSONICWINDTUNNEL

ByRobertE. PendleyandCsrrollR. Bryan

SUMMARY

An investigationwasconductedto studysomefactorsaffectingthe
dragofrelativelylargenonliftingbodiesofrevolutionattransonic
speedsintheLangley8-foottransonictunnel.Dragandsurfacepres-
suremeasurementswere-madefortwogeometricallysimilarbodiesofrevo-
lutionof8-inchandu-inchmaximumdiameterat zeroangleof attack
througha Machnumberrangeofapproximately0.6to 1.1. Tunnel-wall
Machnumberdistributionsandschlierenphotographsalsowereobtained.
h oneofthetestsjcruciformdeltatailfinswereaddedtotheluger
body.

Analysisofthetestsconfirmeda resultofa priorinvestigation
whichhadindicatedthatno significanttunnel-boun

T
interference

shouldoccurat subsonicMachnumbers.A disagreementetweenthe
characteroftheobservedsubsonicdragriseandthatusuallyobserved
forfin-stabilizedbodiesinfreeflightwasshowntobetheresultof
fininterference:Lsrgeeffectsofboundary-reflecteddisturbanceson
thedragwerefoundat somesupersonicMachnumbers.Atthehighest
testMachnumber,however,theboundaryinterferencewassuchthatthe
dragcoefficientofthelargerbodywasapproximatelyequaltothatof
thesmallerbody,whichwas”essentiallyfreeoftunnelinterferenceat
thisMachnumber.Theforebodywasnearlyfreeoftunnelinterference
atthehighesttestMachnuber forthe.largerbodyandatMachnumbers
greaterthanabout1.05forthesmallerbody”.

INTRODUCTION

As a resultoftheinstallationofa slottedtestsectioninthe
Langley8-foottransonictunnel(ref.1),subsonicchokinghasbeen
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2 NACARML52H22

elhinated,andithasbecomepossibletoutilizelargermodelsthan
wasformerlyfeasible.Theuseoftheselsrgermodelswasconsidered
particularlyadvantageousforanextensiveair-inletprogrsmwhichhad
beenplannedfortheLangley8-foottransonictunnel,since,inaddition
to improvingthevalueofthetestReynoldsnumber,theuseoflarger
modelsexpeditesthestudyofthedetailedphenomenaof ducted-body
performance.

Althoughtheinvestigationreportedinreference2 hadindicated
no hportantsubsonicinterferencefora relativelylargebodyina
slottedtestsection,reference3 indicatedthepossibilityof appreci-
abletunnelinterferenceon thedragat supersonicspeedsbelowtheMach
numberatwhichtheboundary-reflectedbowshockclearsthemodelbase.
Itwasthereforedecidedto investigatetheeffectsofthisinterference
intheLangley8-foottransonictunnelon thedragof a bodyof thesize
ofthelargestproposedair-imletbody. Thebodyselectedwas66 inches
long,8 inchesindismeter,andwassimilarin shapeto someof theinlet
bodies.Anotherbodywhichwasa half-scaleduplicateof the8-inch
bodywasalsousedintheinvestigationinorderto“observetheeffects
oftheboundary-reflecteddisturbancesatdifferentpositionsonthe
bodyandinordertoobtaininterference-freedataatthehighesttest
Machnumberwheretheboundary-reflectedbowshockwouldclearthemodel
base. Itisthepurposeofthispapertopresenttheresultsofthis
investigation.,

Duringthecourseof thetests,itwasnotedthatthesubsonicdrag
risewas’significantlydifferentfromthatusuallyobservedinfree-flight
investigations(forexample,ref.4). Itwasuncertainwhetherthisdif-
ferencewascausedby subsonicwind-tunnelinterferenceeffectsnotpre-
viouslyobservedor by thepresenceofthestabilizingfinsinthefree-
flighttests.Thecauseofthedifferencewasthereforeinvestigatedby
enlargingthewind-tunneltestprogramto includea configurationcom-
prisedofthelargerbodywithcruciformtailfins. Theresultingfin-
bodycombinationwassimilarto thatforwhichfree-flightdatawere
availableinreference4.

Dragmeasurements,surfacepressuredistributions,wind-tunnelwall-
pressuredistributions,andschlierenphotographswereobtainedfora
Machnumberrangeextendingfromabout0.6to 1.1. Theinvestigationwas
limitedto thecaseforzero

dB2fi
B basearea,—
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Subscripts:

0 freestream

B modelbase

APPARATUSANDTESTS

Tunnel.- ThetestsectionoftheLangley8-foottransonictunnel
1utilizedinthisinvestigationwasthe—- openslottedtestsectionwhose
9

geometryandaerodynamicpropertiesaredescribedinreferences1 and3.
Condensationeffectsinthetestsettionwereavoidedbymaintainingthe
stagnationtemperaturesufficientlyhighby regulationofthequantity
of coolingairexchanged.

Figure1 isa drawingofthemodelsupportsystemusedinthisinvest-
igation. Themodelsweresting-mountedon a steeltubesuspendedcoaxi-
sllyinthetunnel.

Models.-Thecoordinatesofthetwomodelsinvestigatedwerederived
fromthoseofthebodyofrevolutionusedinanNACAtransonicresearch
progrsm(ref:5). Theforebodyofthelargermodelwasdesignedtohave
a maximumdiameterof 8 inchesanda lengthoffourtimesthemaximum
diameter.A 2-inch-longcylindricalsectionconnectedtheforebodyto
theafterbody.Theover-allafterbodylengthwasfixedat seventimes
themsxhmmdismeter.Therearmostportionofthesfterbodywasthen
cutoffata lengthof approximately4 diamters.Dimensionalcoordi-
natesofthetwomodelsaregivenintableI,andimportsntmeasured
over-alldimensionsareshowninfigure2.

.
Theetiern.alshapeofthe4-inchmodelwasdesignedas a ~-scale

modelofthe8-ixKhbody. Figure3 showstheextenttowhichthe4-inch
modelsimulatedthe8-inchmodelintheregionof themodelbase.A
specialstingwasnotmanufacturedforthe4-inchbody. A stingand
bslancewhichwereusedinanotherinvestigationwereutilizedsincethe
proportions
scale.

Figure
tunneltest
forebodyof

of this stingwereconsideredsufficientlycloseto one-half

4(a)showsthe8-inchmodelwithtailfinsasmountedtithe
section;figure4(b)showsthe4-inchmodelsndstingandthe
the8-inchmodel.

Theforebodyofthe8-inchmodelwasconstructedoflaminations
FiberglasclothcoveredandimpregnatedwithParaplexplastic.This

‘0
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methodof constructionresultedina verysmoothsurface.

‘s Constnctedof& -inchspunalumlnumwithalljoints

filledandsmoothedto a faircondition.Thecylindrical

5

Theafterbody
andscrewholes

midsectionwas
constructedfrom~-inchsteelstock.Theentireh-inchbody,likethe

8-inchforebode,wasconstrictedof laminationsofFiberglasclothand
Paraplexplastic.

Inaccuraciesof constmctionresultedindeviationsofthemodel
contoursfromthedesigncontour.Afterthetests,theordinatesofthe
8-inchforebodyandtheentire4-inchmodelweremeasuredandcompared
withtheordinatesof a curvefairedthroughthedesignordinates.The
resultsofthiscomparisonareshowninfigure5 as Ar/L (thedevia-
tionofthemodelsurfacefromthefairedcurve,expressedasa fraction
ofbodylength)plottedagainstlongitudhsllocation.Theordinatesof
the8-inchafterbodywerenotmeasuredas above;localmeasurementsindi-
catedthatthesurfaceirregularitieswereoftheorderofthosemeasured
forthe8-inchforebody.

An alternate8-inchmodelwasutilizedformeasurementsof circum-
ferential.pressuredistributionsandforrunswithtransitionstrips.
Thismodelwascomprisedofthesameforebodyalreadydescribed,nomid-
section,andanafterbodyofthedesignandmethodof constructioniden-
ticaltothatoftheonepreviouslydescribed.

.

Cruciformtailfinswereinstalledonthe8-inchbodyforonetest.
Thelineardimensionsofthefinsusedinthisinvestigationwereapproxi-
matelyequaltothoseobtainedbyreducingthedimensionof thefinsof
reference4 by theratioofthebodymaximumdisneters.Over-allmeasured
~ensions ofthefinsaregiveninfigure2.

Testrunsweremadewithtransitionstripslocatedonthe4-andthe
8-inchmodelsas showninfigure2. Thesetransitionstripsconsisted
ofNo.60Carborundumgrainssecuredtothemodelsurfaceby shellac.
Theeffectsofthetransitionstriponthe8-inchbodywereobtainedby
testsofthealternatemodelfittedwitha fairedwoodentailcone
(fig.2)withandwithoutthetransitionstrip.

Theforcebalanceswereoftheinternalstrain-gagetype. Thedesign
axialloadofthebalanceforthe8-inchmodelwas170pounds;forthe
4-inchmodel,thisvaluewas80pounds.Forthepressuretestsofthe
4-inchmodel,thebalancewasremovedanda steeltubesubstitutedin
orderto ductpressureleadsintothesting.

—. -— —-a
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Surfacepressureson the8-inchmodelweremeasuredbymeansofa
rowof0.03-inch-dismeterorificesmountedflushwiththetopsurface
ofthemodel.Theorificeswerelocatedlongitudinallyas shownin
tableII. A similsrrowoforificesonthek-inchmodelwasalsolocated
onthetopsurfaceofthemodel.Theseorificeswere0.022inchindiam-
eterandwerelocatedas shownintableII. Fouradditionalorificerows
spacedat 45°intervalswereusedontheforebodyofthealternatemodel.

MeasuringPParatus.- Pressuremeasurementswereindicatedbytwo
9-footmultiplea~ometerboards,photographicallyrecorded.

Forcereadingsfromtheinternalstrain-gagebalancewereindicated
by a Brownpotentiometerandthevsluesmsnuallyrecorded.

Angleofattackwasmeasuredby theuseof a cathetometerdirected
ata lineonthesideofthemodel.

Tests.-Theinvestigationswereconductedat zeroangleof attack
througha Machnumberramgeextendingfrom M = 0.596to M = 1.125.
TheReynoldsnumberrangeofthetestsextendedfromabout1.1x 106
to 2.7x 106andisindicatedinfigure6.

PRECISION

Machnumber.-In.accuraciesinthepressuremeasurementscauseda
maximumrandomerrorin calculatingMachnumberofno greaterthan*0.003.
h calculatingthelocalMachnumberdustoutsidetheboundarylayer,
thelocalvalueoftotalpressurewasassumedequal.tothefree-st~am
value.Theerrorthusintroducedby neglectingshocklossesisnegli-
gibleatthelowersupersonicMach.numbersanddidnotexceed0.002at
thehighesttestMachnumber.

As showninreference3,themaximumamplitudeintheirregulari-
tiesofthetunnel-center-lineMachnumberdistribution(modelabsent)
wasapproximately*O.O1OatthehighersupersonicMachnumbers.Because
ofthelengthofthe8-inchmodel,itwasnecessarytoplacethemodel
inthetunnelsothatthenoseprojectedintoa regionoverwhichthe
tunnel-emptyMachnumberdistribution(ref.3)indicatedappreciable
gradientatthehighesttestMachnumbers.Fromthelocationofthe
nosetothelocationofthemaximumbodydiameter,theMachnumberincre-
mentassociatedwiththisgradientsmountedto0.032at ~ = 1.13 and
diminishedto a negligibleamountat ~ * 1.0>. Thegradient,however,
wasdistributedsuchthatthelargerportionoccurredovertheforward
fifthofmodel. ‘“-wwh-..-?*m&.m
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Forcedragcoefficient.- Therepeatabilityoftheforcemeasure-
mentsindicatedthatthemaximumerrorinthe&dagcoefficientwas
probablylessthan*O.01.

Pressurecoefficient.-Themaximumerrorinpressurecoefficient
causedby inaccuraciesinpressuremeasurementisestimatedas*0.011.

Pressuredragcoefficient.-Theerrorsinthepressuredragcoef-
ficientsaredifficultto assess.Thescatterofthedataindicatesa
max- randomerrorin someinstancesof about*0.025,andesthdion
oftheskin-frictioncoefficientindicatedthat,foronetest,theabso-
lutevalueofthepressuredragcoefficientmayalsobe nomoreaccurate
tk ti.025.Thechangesinthepressuredragcoefficientscausedby
Machnumberarebelievedtobe indicatedmorereliablythantheabsolute
values.

Angleof”attack.-Theangleof attackwasheldwithin*O.1°of zero.

RFSULTSANDDISCUSSION

Tunnel-wallMachnumberdistributions.-Machnumberdistributions
ona panelofthetunnelwellandonthemodelsurfaceareshowninfig-
ures7 and8 forthe8-audh-inch-diameterbodies,respectively.Tunnel-
wall-datapointsforthe8-inchfinnedmodelareshownonlywhentheyare
appreciablydifferentfromthebody-alonepoints.Inmostcases,the
tunnel-emptywalldistributionswereavailableforfree-streamMachnum-
bersslightlydifferentfromthoseforwhichthemodel-presentdatame
shown.Thesedifferencesmustthereforebe keptinmindwhenexamining
thedatafortheeffectsofthemodelpresence.At highsubsonicMach
numbers,thehigh-pressureregionatthenoseofthemodelandthereduced
pressuresactingoverthebodysurfaceinthemaximum-diameterregion
weretransmittedto thetunnelwall. Thesepressureperturbations
increasedwithMachnumberandweresubstantiallylargerforthelarger
model;thedeviationsduetothehigh-pressureregionaheadofthemodel
nosewereof significantmagnitudeotiyforthelargermodel(figs.7(b)
to 7(d),8(c),and8(d)).

At thesupersonicMachnumbers,figures7 and8 clearlyshowthe
extensionofmodel-inducedshockstothetunnelwall.Reflectionofthe
bowshocksfromthetunnelwallbackto themodelisprominentlyshown
atthetwohighestMachnumbersforbothmodels.Theshockconfigura-
tionssketchedonthefiguresareroughlyestimatedfromreferenceto
schlierenphotographs(fig.9),thetunnel-wallandmodel-surfaceMach
numberdistributions,andthematerialconcerningthelocationof detached
shockswhichwasdiscussedinreference3. Thoseportionsoftheshocks

———..— — —. ———.—— ——-— —-. —-- —
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indicatedonfigures7 and8 by solidlinesweredrawnfromreference
totheschlierenphotographs.Thedottedportionsoftheindicated
shockwavesarenottobe consideredasaccuraterepresentationsofthe
actualshockconfigurations.

Machnumbereffectson surfacepressures.-Figures10and11 show
a growthintheabsolutevaluesofthepressurecoefficientsoverthe
forebodiesofthe8-inchandh-inchmodelsastheMachnumberwas
increasedfromabout0.6to0.95,atwhichpointlocalsonicMachnum-
berswerejustattained.An exceptionto thisMachnumbereffect(which
effecthasbeenanalyticallytreatedinrefs.6 and7) isobservedin
thecurveforthe4-inchbodyfor ~ = O.&ll (fig.n). Although
thoroughcheckingofthedatarevealednoerrors,theentirelevelof
thecurveisthoughtlow,andthiscurveshouldb regardedwithsus-
picion.AstheMachnumbsrwasincreasedfromabout0.95to1.05,the
pressurecoefficientsbecamemorepositiveovermuchoftheforebody.
Abovel.0~,theforebodypressurecoefficientswerenot~eatlyaffected
by increaseoftheMachnumberwiththeexceptionofthedisturbances
causedby thetunnel-wallreflectedbowshocks.Thebow-shockreflec-
tion(figs.7 and8)ontothemodelsurfaceoccurredsufficientlyfar
downstreamsothattheforebodywasnearlyfreeoftunnelboundaryinter-
ferenceatthehighesttestMachnumberforthe8-inchbodyand,atMach
numbersaboveaboutl.0~,forthek-inchbody.

Effectofmodelsizeonpressuredistribution.-Artificialconstraint
ofthetunnelboundaryat subsonicspeedsandreflectionof compression
orexpansionwavesat supersonicspeedsexerteffectsona modelwhich
isdependentonthesizeofthemodelrelativetothetunnel.Thepres-
enceof sucheffectscanbe demonstratedby a comparisonofthepressure
distributionsandforcecharacteristicson gecnnetricallysimilarmodels
of differentsize.A comparisonofthepressuredistributionsonthe
8-’and4-inchbodiesisgiventifigure12.

Thepressuredistributionsoffigure12 showa prominenttendency
towardpeaksatthesamerelativelocationsonbothmodels(x/L values
ofabout0.3and0.45).Thereasonforthistendencyisnotexplained
bythecontourmeasurementsshowninfigure5,andvisualinspectionof
themodelfailedto discloseanyobviouscausesofthesepeaks.There
didseemtobe a shallowridgeonthe8-inchbodynesrthelocationof
thefrontpeak,andatthesamerelativelocationonthe4-inchtidy,
a bumpdueto a slightseparationoftheFiberglaslaminaejustoffto
thesideoftheorificerow. Itdoesnotseemlikelythatthetendency
towardtheformationofthesebumpsishiherentinthe”modeldesign
coordinates,sinceexaminationofthesecoordinatesgreatlyexpandedin
theradialdirectionrevealednowavesorflatspots.

At eachofthesubsonicMachnumbers,thereareno significant
differencesintheshapeofthecurvesforthetwobodies.Althoughthe
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modelsurfaceirregularitiesmayhavebeenresponsiblefortheconsider-
ableraggednessofthecurves,a generallylowerlevelofpressures
appearstohavebeenactingoverthesurfaceofthe8-inchbodyat
~ m 0.6. At ~ % 0.95,theforebodypressuredistributionswere
closelyalike,butthelevelofthepressureactingovertheafterbody
wasagainlowerforthe8-inchmodel.Thereseemtobeno important
differencesinthedistributionsofthetwomodelsfortheMachnumbers
ofabout0.95and1.0.

At supersonicMachnumbers,theflowaboutthemodelbecomessub-
jectto theeffectsoftunnel-bamlary-reflectedcompressionandexpan-
sionwaves.Thenatureof suchreflectionsina slottedtestsection
iscomplex.Compressionandexpansionwavesarereflectedfromthesolid
portionsofthetunnelboundaryaswavesof thesamekind.Fromthe
slots,however,thecompressionsarereflectedas expansions,andthe
expansions,as compressions.Theincidenceofboundary-reflectedcom-
pressionwavesontothemodelsurfaceismoreeasilyobservedthanthat
ofexpansionwavesbecauseofthesharplylocalizednatureofthecom-
pressiondisturbance.At thetwohighesttestMachnumbers,theeffects
ofthereflectedbowshockareshownclearlyonfigure12(c)as a strong
localcompression.Thistypeofreflectionappearstobehave,qualita-
tivelyatleast,asa reflectionofthesametypeof shockincidenton
a solidboundary(figs.7 and8).

Theprominentzoneofhigherpressureactingovertheafterbodyof
the8-inchmdel atMachnumbersof about1.02and1.05maypssiblybe
associatedwiththeregionofthetunnelwallundertheinfluenceofthe
expandedflowabouttheregionofthemodelnearthemaximumdiameter
station.Thetunnel-wallMachnumberdistributionsoffigures7(f)and
7(g)~cate ttittms regionoccursata locationfromwhichcompressions
wouldbetransmittedtotheafterbodyiftheregionofexpandedflowwere
reflectedpredominantlyasa regionof compression.At higherMachnum-
bersforthe8-inchmodelandat allofthesupersonicMachnumbersfor
the4-inchmodel,theregionofexpandedflowactingonthetunnelwall
occurredtoofardownstreamtotransmitanysuchcompressionstothemodel.

Dragmeasurements.-Ifjduringthedragmeasurementsofthetwoshi-
larbodies,theextensiveregionoffavorablepressuregradientoneach
bodypermittedthedevelopmentof anextensivelaminarboundarylayer,
differencesinbodyReynoldsnumberandsurfaceconditionmighthaveintro-
duceddragchangeswhichwouldtendto obscuretheeffectsunderstudy.
Repeatrunswerethereforemadewithtransitionstrips(fig.2). The
boundary-layerthiclmessattheposition.ofthetr=sitionstrips,if
laminarthere,isestimatedbythemethodofreference8 as0.0L7inch
and0.013inchforthe8-andh-inchbodies,respectively.Sincethe
averagediameteroftheCarborundumgrains(0.010in.)isoftheorderof
theboundary-layerthickness,itispresumedthatnolaminarboundary
layerexisteddownstreamfromthetransitionstrips.------:“’.3

~
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Theeffectofthetransitionstripsonthedragwassma~ (fig.13).
Itwouldseem)therefo~~thattheextentoflaminarboundarylayeron
themodelswassmallandthatdifferencesinthelocation ofthetran-
sitionpointonthetwotidiescouldnothaveintroduceda spuriousfac-
torintothemeasurements.Itshouldbenotedthatthe4-and8-inch-
modeldataarenotcomparableinfigure13becauseofthepresenceof
thetailconeandtheabsenceofthecylindricalmidsectionduringthe
transitionstriprunsofthe8-inchmodel(fig.2).

Figure14presentstheresultsofthedragmeasurementsasobtained
bythebalanceandby integrationofthepressuredistributions.A com-
parisonofthepressuredragisalsomadewiththebalancedragreduced
bytheskin-frictiondragwhichwasestimatedfromthecalculationsof
reference9. Thiscomparisonshowsgoodagreementforthek-inchbody,
butitindicateda consistentlyhighlevelforthepressuredragofthe
8-inchbody,whichwasobtainedby an integrationforthetoprowof
pressureorifices.!lZhepressuredragofthealternatemodelappearsto
bethemorecorrectoftheintegrationsforthetwo8-inchbodies,but
itislikewiseconsistentlyhigh.Thereisa certainsmountofunrelia-
bilityinvolvedintheuseofa singlerowofpressureorificestomeasure
thepressuredrag,asindicatedbyfigure15. Inadditiontothispossi-
blesourceoferror,therestrictednumberofpressureorificesandthe
poorsurfaceconditionoftheafterbodymaypossiblyaccountforthis
apparentdiscrepancy.Forbothbodies,however,thepressuredragby
itselfdescribedtheeffectsofMachnumberonthebodydrag.

.
Theeffectofbodysizeontheforceandpressuredragis shownin

figure16. ThroughoutthesubsonicMachnumberrange,thedragcoef-
ficientsCDe sreconsideredingoodagreementinviewoftheaccuracy
ofthemeasurementofthisquantityandthedifferenceinthefriction
dragofthetwomodels.Theaccuracyoftheforcemeasurementswas,of
course,leastatthelowestMachnumberbecauseofthelowdynamicpres-
sure. TheeffectofMachnumbez-inthesubsonicrangewaslimitedto
therangeaboveabout0.9’5,Were a smsll,gradualriseoccurred.The
similarityofthisdragriseforbothbodiesindicatestheabsenceof
~ -rt~t subsonicboundaryinterferenceonthebodies.

At supersonicMachnumbersofabout1.02and1.05,largedifferences
inthedragcoefficientsofthetwobodiesoccurredasa resultofthe
differencesinthetunnelboundaryeffects.Althoughthedragcoef-
ficientsofthetwobodieswereapproxhatelyequalat ~ * 1.07’5,both
bodiesweresubjectto stronginterferencefromthetunnelboundary
(figs.7(h)and8(h)).At thehighesttestMachnumber,thek-inch
modelwasessentiallyfreeoftunnelboundaryinterference(fig.8(h))
sincethereflectedbowshockpasseddownstreamofthebody. me agree-
mentofthedragcoefficientsatthisMachnumber(fig.16), however,
doesnotmeanthatthe8-inchtidywasalsofreeof interference.
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Actually,thebowshockofthisbodywasreflectedfromthetunnel
boundarybacktothemodelsurfaceintheregionnearthebodymaximum
diameter(fig.7(i)).Theeffectofthisreflectiononthedragwas
smsllbecausetheresultantregionof increasedpressureoccurredina
regionwherethediameterwasalmostconstantandalsobecauseitraised
thepressurebothupstreamanddownstreamofthecylindricalmidsection.

Threeofthecomponentsofthebodydragarepresentedinfigure17.
Gooda~eementofthebasedragcoefficientsisshownforthesubsonic
Machnumbers.Theforebody-andsfterbody-pressure-dragcurvesshow
thatthetransonicdragriseofthebodiesinvestigatedoccurredalmost
entirelyontheforebody.Itisalsoshownthattheforebodydragon
bothbodieswasinfairagreementatMachnumbersuptoabout1.05in
spiteofthefactthatbothforebodiesweresubjectto someboundary
interferenceatMachnumbersfrom1.0to1.05.At ~ * 1.05 where
thisinterferenceshouldbe greatest,theforebodypresairedragofthe
8-inchbodyagreeswellwiththatofthek-inchbody,theforebodyof
whichatthisMachnumbershouldbe interferencefree(fig.8(g)).Thus
itmightbe correctto concludethattheboundaryinterferenceacting
onthe8-inchforebodywassmallinthisrangeofMachnumber.

Dragmeasurementsoffin-stabilizedbodiesinfreeflightusually
indicatea sharpdragriseat subsonicspeeds,a phenomenonwhichwas
notobservedforthebodyshapeofthisinvestigation.Sincetunnel
interferencewasnotbelievedtobe a factorinthisdisagreement,it
waspresumedthatthepresenceofthetailfinsonthefree-flight
bodiesareresponsible.Figure18confirmsthishypothesis.Inthe
upperpartofthefigureareshownthedragcurvesforthe8-inchbody
andforthisbodyfittedwithcruciformdeltatailfins.Theincre-
mentbetweenthesetwocurvesisthedragincrementcausedbythefins
andtheirinterferenceandisshowninthelowerpartoffigure18.
Thisincrementincreasedsubstantiallybetweena Machnumberofabout
0.91and1.0fromwhereittendedtodiminishastheMachnumber,was
increased.Mostofthesubsonicriseofthisincrementmustbedueto
theinterferenceofthefinssincethefinsandthebodyindividually
haveonlysmallsubsonicdragrises.

CONCLUDINGREMARKS

Thefollowingremarkssummrizetheprincipalresultsofaninvesti-
gationof somefactorssffectingthedragoftwogeometric~ysimilar
nonliftingbodiesofrevolutionof8-and4-inchmaximumdiameterinthe
slottedLangley8-foottransonictunnel.

e=-=u=39
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Dragandpressuremeasurementsconfirmeda resultofa priorinves-
.

tigationwhichhadindicatedthatno importanttunnelbounderyinter-
ferenceshouldoccuronthebodiesat subsonicMachnumbers.

A disagreementbetweenthecharacteroftheobservedsubsonicdrag
riseandthatusuallyobservedforfin-stabilizedbodiesinfreeflight
wasshowntobetheresultoffininterference.

Largeeffectsoftunnel-boundsryreflecteddisturbancesonthedrag
werefoundatsomesupersonicMachnumbers.Althougha strongcompression
reflectionactedonthelargerbodyatthehighesttestMachnumberof
approximately1.12,theresultantinterferencewassuchthatthedrag
coefficientofthisbodywasapproximatelyequaltothatofthesmaller
body,whichwasessentiallyfreeoftunnelinterferenceatthisMach
number.

Theforebodywasnearlyfreeoftunnelinterferenceatthehighest
testMachnumberforthelargerbody(approx.1.12)and,atMachnumbers
greaterthanabout1.05forthesmallerbody.AtMachnumbersabovethese
vsluesandbelowtheMachnumberatwhichthebowshockwasreflectedto
theregiondownstreamfromthemodelbase,tunnelinterferenceonthedrag
resultedfrominterferenceontheafterbody.

.

LangleyAeronauticalLaborato~,
NationalAdvisoryCommitteeforAeronautics, .

LangleyField,Va.

.
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NACARM L52H22

&aign COOrMnatie ~ mldinatee

e-inch- 4-inchDnael e-tictlmcdd 4-f.mh*1

x r x r x r x r

o 0 0 0 1.* 0.6TL 1.W3 O.m
.W .222 .Mu .I-u 2.W4 .829 1.71.8 .628
.4& .2+36 .240 .143 2.534 .9P 1.* .685
.ec)o .4U .4LYJ .206 3.m4 1.IJ.O 2.218 &4

1.6)0 -693 .&Xl -347 3.504 1.242 2.4&9
2.750 1.033 l-m .m.7 b.d u@ 2.W3 .-

l.in l.m .649 4.504 l-w 2.9Q3
::@ 1.171 2.4m 5.W4 l.ti 3.218

:Z
:%

3-W 1-235 3.aYJ S.* l-m 3.4&a l.cc-g
3.750 1-* 3.7YJ 1.053 6.a34 1.823 3.7I.8 l.q%

L549 4.&u 1.245 6.504 1.*
::%

3-* 1.C%J
1.8g2 6.250 1.464 -f.cd 2.fm 4.218 1.145
2.I.06 1.483 7.% 2.I.22 4.4643 1.WJ

;:%% 2.I.55 H& LG3 8.c04 2.21s 4.T18 1.233
9AY3 2.W 8.625 8.x4 2.309 4.968 1.273
1.2.m 2.927 9.60J ;:s6 9.034 2.393 Y.’m l.gs
u.~ p-m lo.25J 1.837 9-X4 2.476 5.469 1.353
12.mo p-w 11.m l.wa 10.CO4 2.% 5.W3 1.3-9
16.aM 3.ti U2.253 1.930 lo.y34 2.640 s-w 1.424
17.030 3.419 E.&m 1.W 11.adl 2-716 6.a8 1.457
17.* 3.W2 14.259 1.91 L* Z.m 6.469 1.W3
17.503 3.461 14.4m 1.994 12.c04 2.e&I 6.718
17.759 3,482 15.oixl 2.m 1.2.y34 2.9P 6.969 ::%
lg.mo 3.55)1 16.aXI 2.CKH) 13.C04 2.592 7.a8 l.m
ZO.ym 3.674 17.- 2.cm 13.504 1.612
2Q.W 3.@3 20.W 1.* 14.C04 M % 1.640
22.403 3.776 Z?.&o 1.g32 14.504 3.173 7.969 1.G3
24.W 3.060 ‘am 1.e4L 15.C04 3.230 8.a8 l-m
24.~ 3J3’P 28.473 1.710 15.734 3.2& 8.469 1.713
a.tio 3.931 3.-W 1.X 16.m4 3-333 8.718 1.733
28.W 33.7+93 1.300 16.504 8.96% 1.W

::% 17.m4 ::E
%:%

9.2M 1.770
3-967 17.94 3.465 9.W3 1.7W

y3.ofY3 4.003 18.Iw4 3.533 9-W3 1.&2
4.IXYJ 18.xJ4 3.54b 9-W3 1.8M

%% 3-* 19a4 3.578 9.!% l.elg
43.200 3.%3 lg.y)k 3.616 10.2I.8 1.W
Wtw 3.68a ‘a.mk 3.648 m.P8 l-w
54.400 3.419 zmb 3.702 11.218 1.t?a4
&.ccO 3.C03 Z2.Q34 3-754 11.7-113l.$ng
64.m 2.&Q 23.004 3J3W 12.218 1.931

2k.m4 3.841 12.718 L*
&.@ 3x& 13.218 L*7
26-W 3.9113 13.718 1.973
27.ct14 3-948 14.218 1.s433
28.CIJ4 S.gk 14.618 1.%9
29.024 14.81.8 ~.9@
3v.m4 ;:% 15.71.8 ~.m
Q.@ 3.5s7 16.’718 1.978
y.mk 3.* 17.718 1.g77

s3.718 1.g71
19.73.8 1.*
20.718 1.947
Z.-pa l.gg
‘a.-@ 1.910
23-7’18 1.E33
24.718 l.m

1.817
%% l.m
w-m
28.718 ::%
a.m 1.W
W.m l.m
3.m 1.426
P-m 1.327
33.152 la-l

k .,.-. /
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TABLE II

MMSUREDORIFICELOCATIONS

8-inchmodel 4-inchmodel

x r x r

o 0 0.543 0.278
1.003 .4g8 1.524 .566
2.oo4 .815 2.k-63 .787
3.004 1.103 3.456 1.012
4.004 1.365 4.464 1.207
5.003 1.604 ~.g 1.352
6.004 1.8= 1.493
7.004 2.017 7:452 1.616
8.003 2.205 8.453 1.716
9.004 2.388 9.454 1.793
10.002 2.555 10.449 1.846
I.1.ool 2.705 U.455 1.896
1~.996 2.850 12.446 1.946
12.984 2.938 13.428 1.974
13.998 3.1.11 14.484 1.988
14.983 3.222 15.314 1.990
15.993 3.323 15.$?52 1.990
16.994 3.420 16.548 1.99
18.004 3.500 17.llg 1.990
18.998 3●573 18.461 1.986
19.994 3.639 21.368 1.946
21.oo2 3.696 22.792 1.918
22.001 3.746 25.277 1.844
23.001 3.789 26.16Q 1.766
24.oo4 3.839 30.092 1.571
25.002 3.878 3.559 I.469
26.000 3.913 32.834 1.320
26.999 3.946
28.003 3.971
29.M4 3.987
29.997 3.994
30.746 3.997
32.746 4.000
36.522 3.994
39.426 3.966
@.325 3.918
45.220 3.%3
53.918 3.567
59.731 3.180
65.x4 2.658

—. __-_— .. -—- -—-—
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